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Leorater decdpn feateres of the paseoss core

1ot afc a reflectos rodirated cavity containing
irrsondnp placng that fs drclated fron fthe cavity

walle ba badoacivazs foroes of an dnort Wffor fas.
Reaotor cenirel s woranrplaoded by ratatat i centreld

drame Jevatsed in tha retlecter, and aciusinent ¢f the
power 185 accomptehed by twe rattads, A heat exchaiger

e Gimnventional crgeeit o d0 used e ol the pases that
Al recdr Tt nted thren bothe cavity. A st nd peilind
it the rencve) of raliant enopy {pheten flux) threayh

an vptloally frantpaennt port. Attanticn ir drawn o to
three funiarental foeturrr of the ganewrs fuel reacior
sveten vhith e (1) poeserus flewing fuel, (2) the
haph neation erenomy ef the reflocter rodorated
tavity, (3) the poerivilaty of acnequiliibrive
eptital dediaticn (Loey ojtice]l dadiation ditferine
from the Moswell ks i dastritutien of the char-
arteristic core temyg ure). Thewe faaturen rake
peerible some Landficial clarasterintios such as

(a) tmald critacal rase, (b) fuel cireulation and

onL Kite jrocessing, (¢) birnup of trapsuraniun
actinides, (&) bigh fuel Yarnup, () higl pever pen-
vration efficion-y, (1) breoding of U°233 fres thorijum,
(g) Jow fiedien frapment inventory In reictor core,
(1) high tejarature for process aeat, (i) eptical
tadintion for photocherictry and <jace power trane=
mission, and (J) hagh temg erature for mdvanced pro-
pulsion kysutems,

BACEGROUND

Ar carly amn 1955 consideration has becen given te
the percability of producing nucloear energy by firsion-
irg fuel in the pareous state. (2,3) Fellowing the
detniled developnent of reflectot-nederated reactere
(4) rignificant confirmatory experiments were per-
formed. (5) Thik requence of work on aphericnl rvertams
enplbanized the epertance of desipning a systes hvanp
a very high neutren econony. It demonstrated that
bendlmark experimentr were very valuahle accomatiinents
to the deveivyeent of coleulaticnal methods needed e
predict reacter perfermance. Additicnal rescarch per-
formed on cylindrical poemetrier {f subsiantive for
calcuiational verification. (b,7)

URANIUM HEXAVIVORIDY RXYERIMENTS

A proprac was dnetituted to demonstrate the fea-
ribility of a pascoun U235F6 r1eactor ©f eylindrical
grometry. (8) The program s beine cortucted by investd-
gation of critical contipuratien at OCw Los Alamor
Scieptific lahoratery and the Jevelop it of uranjum
hexafluoride handling techniques and equipment by the
United Technologles Rescaren Center. Maximum utiliza-
tion ik being sade of equiprent and technelepy develeopod
for the solid cote nuclear rocket engine proprac RVER),
Figure 1 ix a mihemntic of the reactor experiment.
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Fig. 1 - kerysliun reflected gas core reactor
exper fnent

INITIAL IOPiPIMN1S estiblinhed the eritical rneu-
tronic chavarterictics of the cylindrical ypae core
configuration. 2ero power worbups were (cnetructed
uring uran‘.m foll te arhleve the first oriticality.
Power distidbotion mecrcrosents wore jerfoired ) cuni-
trol 1od ¢alftaatl-ny rade, and reactivity werths
determined for varioue structural materials,  These
inft1al acoping experiments were perforzed in a
sequence of four steps, The firpL step was a con-
figuration of the uranijun foil arranged fn a hemo-
geneous distribution threnphout the one zeter
diameter by one meter tall cavity of the reacior,
The critical mans for this confipurat ion was found
to be 19 kp of 93.2% enriched uranium., The second
step was a redintribution of the fuel to provide a
uranfum o1’ liner of the cavity. The critical racs
renained ahout 19 kg as predicted by caleulavions.
The third step was to sdd a beryllfum flux trap re-
sulting in a confipuration which was crftical with
onl- 6,B4 kg, The fourth, and final step, of this
#edes was Lo provide & confipuration wherebv a
canister containing urarnium “cxafluoride par could
be inserted in the center of the cavity region.

This war acconplished by scrrounding the beryllium
f.ux tiap annular ring with solid fuel.

STATIC GAS FILL LYXIFRIMINTS = The scopiny oxperinents

wvere followed by dnvestipations using vranium hexa-
fluoride pas. A canister wae pressurized with
uranium hexaf luoride pas, inserted in the Be reflec-
tor, and critical measurements performed. The first
phase s referred to as the statle 111 experiment
and the equipment is diagrammed in Fipure 2. Figure
3 shows the actua) canister and par handling system
removed frow the reflector arsexbly. A nucher of
critical tests were made where additional uranium
hexafivoride was added to the canister. Reactivity
was acjusted by the removal of selid fuel from the
exterjor of the flux trap ring te coempeunsate for the
addition of pascous fuel, Results of these experi-
pents showed that ne radjation induced chemical in-
stabilities were produced by runs up to 1000 wates.
In addition, uxperience wak gained in the techniques
required for the handling of uranium hexafluoride
gas at somcwhat elevated temperatures.

FLOWING GAS EXPERIMENT - The next phare of work w.=h
the gar system wvas Lo perfourm experiments with re-

circulating uranium hexafluoride. A system was con-
structed to produce gas recirculation in racce-track
clored locp fashion., 1ts purpose was to investigate
the effects on reactivity caneed by fluctuations in
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Fig. 2 - Gias Reactor bxpernoaent

Fig. 3 -

Car 'ster and gar handling svstem

either gas flow rate cor in the gas pressure. The
equiprent used in the fleowing gar experiment 1w
shown in Figpure 4, The canister is shown tonnected
to the gas handling system by flexible linern and iw
raired into the reflector to perform the critical
tests. As war the casc on the static experiment,
this syste= wes equipped with double wall contain-
ment. Hot nitropen gas circulated through the outer
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wall cavity and maintained the uranine hexafluoride
ras at an appropriately high teoperature.

TEST RESULIS - The static exjeriuents showed us that,
from reactivity considerations, there would be an ad-
vantage in configuring the reacter design such that
the gas would be contained in s=even cells ~ & central Fjig. 6 - Fuel canister with buffer gas
cell purrounded by s'x others. Figure 5 illustrates conf inerent

this concept. The exporiments are thus 8 mockup of
the central cell, Mcnte Carlo calculations predict
a critical mass for this configuration of approxi-
mately 4.9 kg. The target of the recirculating gas
expericent vas to have a uranium inventory of 700 g
in the canister. For satety reasens, the initial
tests of the recirculation systecs were conducted
with a uranjuz hexafluoride inventory of approxi-
mately 30 g and a rars flow rate of 1.2 g/second.
The fuel loading mats flow was increased in a step-
vige ‘ashior. to the final values of 700 g and mase
flow rate of 50 g/second.

HYDRCODYNAMIC CONTAINMENT TESTS - The final phase of
the uxperimental prograc calle for the denenstration
of buffer gas vortex flow coenfinement of the fission
ing uraniuc hexafluoride fuel. The cutavsy diagrac
shown in Fig. 6 illustrates the flow pattern for this‘
test, while Figure 7 1s the gas handling system, and
Figure 8 is the reactor core canister, Argon buffer - :

gas is injected through the slot shown along the Fig. 7 - Vortex “low sRystem for cavity reactor
length of the fue) canister. Mest of the argon tests

Helmick
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cavity reactor tests

flow exits through a perforated section in the
canister wall after one sweep around the cir-
cunference of the canister. The remainder

of the argun, along with the uranium hexafluoride
fuel is rcmoved from the canister through an ex-
haust port located at the center of the end wall.
Injectors located just outhoard of the exhaust
port inject uranium hexafluoride continuously
into the swirl pattern of the reactor core.

The effluent from the exhaust aperture is a
mixture of buffer gas and gaseous fuel. Although
initial critical tests will be made with gas flow
in a blowdown mode, provisions are being made for
continuous operation where the fuel and buffer gas
will be separated on-line for loop operation,

A schematic diagram of the overall flow system,
onitting cleanup devices for fission product removal,
is shown in Figure 9, 1t consists of four major sub-
systems.(9) The first is the core canister with the
vortex chamber, similar in size to the one used in
the prior stat&c and flowing uranjum hexafluoride
tests., The second is the argon buffer gas circula-
tion system, the third is the uranium hexafluoride
injection system, and the fourth is the uranium
hexafluoride separation and reprocessing systems,

From the vortex chamb~r, most of the uranium
hexafluoride fuel enters a separator and condensor
in which the uranium hexafluoride will be desublimal
and thereby separated from the argon and helium.

e s s ¢ 8 s aae o=

e e
I- R RS NCTALL X7 BTN PV
_———— e MM IR AT O
- - (O (ARISTER LS
g SEPARRTINa AN RERRX(SYiNG
--------- VT INECHTN Sev e

@Dromwsiia )
[ RETTRY T

Fig. 9 - Schematic of confined Argon/UFs flow svatem

Separated from the other gases, the uranium hexa-
fluoride will be liquified and then pumped back o
the injection pressure. 7The reclaimed uranijum
hexafluoride will then be reconditioned for reinjec-
tion into the core canister. The residual gases from
the uranium hexaflluoride separation will be stripped
of any trace quantities of uranium hexatluyoride by
passing the gases through a Nab chemical trap. After
the helium is separated from the argon in a cold trap,
it is reccupressed to injection pressures and is avail-
able to be added te the uranium hexafluoride for re-
injection into the vortex chamber. In a simflar
fashion, the argon is reclaimed for continuous use as
a bufier gas. The reprocessing of the uranium hexa-
fluoride fuel strean with regard to separation of
fission products and the handling of transuranium
elements is not considered in this system. 1In the
current uranium hexafluoride reactor experiments
their quantities are too small for engineering
studies. In additjon, techniques for the reprocess-
ing of nuclear fuel are well developed and only need
to be optimized for gaseous-fuel reactor application.

REACTOR FOR POWER SYSTEMS

A system study was performed recently for
the U.S. Fnergy Research and Development Admin-
istration (ERDA). (10) The objective of the study
was to obtain preliminary design data for a gaseous
fuel reactor power station optimfrzed with regard to
the physical safeguarding of fissile material. The
principal ground rules for the study were that:
(a) there should be a low fissile material iuventory
in the reactor, (b) low fisslle material divertabil-
ity, and (c) miniwum fissile materjal transporta-

Helmick



conzepe of a sustainer
breader reacter with &
is achieved iIn the

The study developed a
breeder reactcor. That is, a
breeding ratio of 1.0. This
molten salt blanket shown in Figure 10, wherein
thorium is converted to U233. The molten salt is
continuvusly processed, extracting U233 and feeding
it to the gas cores. The ajvantages froo the non-
proliferatior standpoint is that oace the reactor
has reached a breeding equilibrivz only fertile
material, i.e. thorium, would be delivered to the
plant. The design ccncept also includes a fuel
cleanup systes. This means that the fission
fragment inventory is kept at & minioum since the
fission fragments are continuously being removed
from the system and could then be removed from the
plant. The pas core concept obviates the problems
that occur from the necessity of storing epent fuel
elements as a conventional plant rust.

tion.

Pressure vessel
(20cm)

Graphite
{30em)

Ni-AL
(000252m)

Graphne
{lem)

Fig. 10 - Schematic of mixed flow reactor

The study investlgated two design concepts;
one where heat is removed by gas convection and the
seconc vhere the reactor 1s run at high temperature,
the fuel is a uranium plasma and heat is repoved by
radiation. 1n the first concept, the mixed flow
reactor, uranluc hexafluoride and helium gas are
intimarcly mixed and injected through a slot in the
pveripheral wall which extends zlong the entire length
of the cavity. The flow enters tangentially and
establishes a vortex flow within the cavity. A
major fraction of the flow is vithdrawn from the
cavity through a perforatced plate located in the
cylindrical peripheral wall of the fuel cavity. The
rezainder of the injected flow epirals radially in-
ward an{ passes out of the fuel cavity through central
end wall exhaust ports. This flow resides within the
cavity for a longer period of time than the flow re-
moved through the peripheral wall. Because of the
longer residence time in the cavity, it is heated to
a higher teoperature. The conceptual deisgn of this
reactor gives an overall dimension of 5 m diameter
and ¢ o tall

The transfer of power froz the reactor cavities
is accomplished by the effluent of uranium hexafluoride
-He mixture, which through a combination of high and

energy
respec-

Jelivers {t.
lou,,

inciuling

low tenperature heat cachongers
te e Fubs torbine and a stoeax
cavelo, (1) varjous flow circuits,
a fisrion preduct cleanup loop and a device

U243 fuel wwrraction from a therion blonker,

turi . he
The
f~r

ard

shown in Figure 21, alopp with values ol tezporsture
and power 2t the various stationn Note thot the
l:o texzperature secondary helium Joop also res-ves

hezz from the brrylliuz zoderator and the thor. un
blanket,

The rezztor uses about 65 tons of molren sslt
anZ 2% tons of beryllium. The vranium hexaflu. ride
azd helium enter the power extraction Joop at 1225
K. The heat is transferred to a secondary heliun
leop that drives a gas turbine. In the fivuion
product cleanup loop a small fraction (10-%) of the
fisw is bled from the fuecl loop for cleanup. This
reactor is sized at a power of .00 megawatrs thermal.
The inventory of U233 in the systen is as follows:

45 kg are contained in the cavities, 4 kg heat ex~
crangers, 16 kg piping, 2 kg civculator, 10 kg
fiasion product cleznup loop, and 14 kg as necessary
reserve for initial starrup. The total plant in-
veatoryv Is 91 kua. |

With respect to divertability, the entire
fnventory could be removed, but It would result
in shutting the plant down. If, however, diver- .
sion were attempted by taking the freshly-made
urzanjum hexafluoride, the reactor would becone
sutcritical aiter removal of ouly 4 kg of uraniuun.

The secondé concept, the plasma reactor, was
exz=ined because of the possibility of higher
eiiiciency. It also has a considerably lowver fissile
Irve=s Since the plasma reactor furl is ura:ium
at 5000 K, an argon buffer gas is circulated in
vortex to keep the uranium away from the walls, The
cells are configured as shown in Figure 12, hewe -er,
th2 dinensions are somewhat smaller tha: those of the
mixad flow reactor. The cell diaweter is 1/2 m ond
the length of a cel)l is 1.85 m. The gases are not
prezixed. The argon is injected through the «Jiti in
th: wall and the uranium through end wail ports
located at a radilus of 0.2 @. The exhausc is aguln
througn both side wall and end ports. Because o the
szz.ler cavity size there is a dramatic reductiocn of
all rarerial wefghts. Only 16 tons of salt and & tons
¢! beryllium are required. The fissile inventory in
the system is as follows: 16 kg in the cavities, 3 kg
in the separ.zor, 1 kg in thz fuel irjection duct, 1
kg in the piping, 2 kg in the circulator, 22 kg r=-
quired for initial startup reserves. The resulting
totai is 45 kg.

CONCLUSIONS

The gaseous fueled reactor system has the
potential of scveral distinct advantages as an
advanced powzr source, Because of these advan-
tages it appears possible that this may be an ideal
reactor for power production and for spice propulslon.
Characterdstics such as high operating cfficiency and
low uranium inventory are particularly attractive.
Advances in certain technology arcas uust be accom-
plished before it will be possible to produce an
engincering design for a gaseous fueled power station.
Corrosion problens of fluorine and uranium hexafluoride
with materials must be solved, however, recent ad-
vances indicate these problems are not insurmountable.
The vortcx flow of buffer gas confinement obviates the
most ceverc environment in the flow system. The
feasibility of such confinement has been demonstrated
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Fig. 12 - Schematic of plasma cure reactor

successfully for szall-scale devices and the present
experimental activity is gimed at demonstration of
the principle in the reactor environment at moderate
pover levels.
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